The ability to use the baculovirus expression system to produce viral proteins which retain many of their native characteristics has been frequently reported (8). One of these characteristics is the ability to properly fold and interact with other recombinant proteins so as to mimic the structure of an assembled virus (4, 16, 17) . This ability has several applications ranging from the possibility of investigating the specific intramolecular interactions involved in morphogenesis to the production of antigenic structures which have the potential to evoke protective immunologic responses.
Several rotavirus proteins have now been expressed in the baculovirus system (1, 9) . Specifically, the recombinant VP6 protein corresponding to the native protein in SAl1 rotavirus has demonstrated the ability to spontaneously assemble into morphogenic subunits (3) . This characteristic was also described for the native VP6 protein derived from bovine rotavirus strain C486 in which further assembly of the native subunits into spherical structures resembling single-shelled virus particles was pH dependent (10) . On the basis of these data, it was suggested that the interaction of VP6 subunits with one or more rotavirus proteins may be required for spontaneous assembly into viruslike structures.
Further support for this hypothesis was the finding that in the presence of CaCl2, native VP6 and native VP7 isolated from strain C486 could be assembled in vitro into particles resembling double-shelled virus (11) . However, in these studies the role of VP7 in the assembly process could not be accurately assessed because of the presence of small amounts of the VP2 protein.
Recently it was reported that baculovirus-expressed VP2 protein from bovine rotavirus strain RF spontaneously formed corelike particles and that coexpression of this protein with an SAl1-derived VP6 protein in Spodoptera frugiperda cells resulted in the formation of single-shelled particles (6) . We now demonstrate that coexpression of VP6 and VP7 from strain C486 in S. frugiperda cells results in the production of smooth particles resembling double-shelled virus. Furthermore, these particles are predominantly located in the infected-cell culture supernatant, similar to that * Corresponding author.
observed for baculovirus-expressed recombinant C486 VP7 protein. This is in contrast to the VP2-VP6 particles which were reported to be cell associated, as was found to be the case for the baculovirus-expressed recombinant C486 VP6 protein.
To produce the recombinant proteins, a cDNA library representing the genome of bovine rotavirus strain C486 was prepared by using a modification of the method of DyallSmith et al. (2) . Briefly, genomic RNA extracted from purified bovine rotavirus strain C486 was used to produce cDNA which was ligated into the PstI site of pBR322 and used to transform Escherichia coli DH1. Colonies containing full-length copies of the genes for VP6 and VP7 were identified by hybridization to radiolabeled cDNA prepared by using purified viral genomic RNA segments as a template. Clone pR6-42, which contained a complete copy of the gene 6 RNA, was partially digested with AhaIII, which removed seven 5' noncoding nucleotides as well as the oligo(dC) tails added during cDNA cloning. A BamHI linker was then added to the 5' end. The 3' oligo(dC) tail and noncoding region were removed by digestion with AccI which removed 56 noncoding nucleotides from the VP6 gene. A BamHI linker was then added, and the gene was ligated into the BamHI site of the baculovirus transfer vector pAc373. Clone pR8-G, which contained the full-length cDNA copy of the VP7 gene, was digested with Ahalll and SphI to remove 7 and 27 nucleotides from the 5' and 3' ends of the gene, respectively. BamHI linkers were then added to both ends of the DNA. Gene 8 was ligated into the BamHI site of transfer vector pACYM1. Integration of the rotavirus genes into the genome of Autographa californica was then carried out by homologous recombination in S. frugiperda (SF9) cells, as outlined by Summers and Smith (15) . Recombinant viruses were identified by plaque hybridization by using radiolabeled cDNA prepared from purified genomic RNA segments 6 , Western blotting, and electron microscopy. Panels A to C illustrate Western blot analyses of time course studies for expression of recombinant VP6, VP7, and VP6 plus VP7, respectively, in infected S. frugiperda cell supernatant and lysate fractions. The hours postinfection are indicated at the top of each lane, and proteins were detected on nitrocellulose by antisera specific for their native protein counterparts. The supernatant fraction from the 144-h time point in panel C was purified through a sorbitol cushion, and the pelleted material was analyzed as shown in panel D in which lanes A to C illustrate a Coomassie blue-stained gel and lanes a to c illustrate Western blotting of the corresponding stained lanes using antisera specific for C486 virus. The virus profile (lanes A and a) was compared with pelleted material resulting from the 144-h supernatant untreated (lanes B and b) or pretreated with CaCl2 (lanes C and c). Panels E, F, and G illustrate the preparations in lanes A and a, lanes B and b, and lanes C and c, respectively, after they were stained with 1% uranyl acetate and visualized by electron microscopy. Insets 1 ,000 x g in a Sorvall centrifuge model RT6000B for 10 min at 15°C. Samples were then denatured in Laemmli sample buffer containing 2% sodium dodecyl sulfate (SDS), boiled for 5 min, and subjected to SDS-10% polyacrylamide gel electrophoresis (SDS-PAGE) (7) . Following electrophoresis, the proteins were electrophoretically transferred to nitrocellulose. Detection of proteins was achieved by incubating the nitrocellulose with a 1:500 dilution of antiserum prepared in rabbits specific for native VP6 or native VP7 (12) . Visualization of the antigen-antibody complexes was by protein A gold and silver enhancement (Bio-Rad). Figure 1A to C illustrates that both recombinant proteins were recognized by antiserum specific for their native protein counterparts. Examination of the cell lysate and supernatant fractions further demonstrated that the recombinant VP6 protein was mainly cell associated and did not appear in significant amounts in the supernatant fraction, even when cell viability dropped below 100% at 72 h postinfection (p.i.) (Fig. 1A) . The protein migrated as a doublet under nonreducing sample buffer conditions and SDS-PAGE, a characteristic also observed with the native protein (13) .
In contrast, although the recombinant VP7 protein was found in the cell lysate fraction as early as 48 h p.i., it was mainly located in the supernatant fraction, suggesting the possibility that it was being secreted from the cells (Fig. 1B) . Support for this hypothesis was that the level of protein increased in the supernatant fraction, with a corresponding decrease in the cell lysate fraction. Although cell viability at the 48-h time point was still 100%, the possibility that the protein was being released into the supernatant fraction as a result of cell disruption upon separation of the cells from the supernatant still exists. More-detailed studies are currently being done to investigate this possibility.
Localization of the VP6 and VP7 proteins in cell cultures coinfected with baculovirus recombinants, each expressing one protein, appeared similar to that observed in cultures infected with the recombinant expressing the VP7 protein alone (Fig. 1C) . Specifically, at 48 h p.i. both recombinant proteins appeared in the cell lysate and supernatant fraction, while at later time points they were found exclusively in the supernatant fraction. The decrease in the levels of both proteins at later time points (120 and 144 h p.i.) may be due to degradation of proteins which were not assembled. A similar observation was made when cultures were infected with individual recombinant viruses at an MOI of 10 (data not shown). Closer examination of the VP6 protein in coinfected cultures revealed some heterogeneity in the number and intensity of bands. This phenomenon has also been observed during in vitro infection of mammalian cells with C486 rotavirus, suggesting that it may have some relevance to the assembly process (13) .
To determine whether coexpression of the recombinant proteins resulted in particle formation, cell culture supernatants were harvested at 144 h p.i. and subjected to low-speed centrifugation as described above. The supernatant was removed and either directly centrifuged through a 40% sorbitol (wt/vol) cushion at 100,000 x g in a Beckman centrifuge model L8-M with an SW 28.1 rotor for 2 h at 4°C or first dialyzed for 7 days at 4°C against 50 mM CaCl2-TrisHCl (pH 8.0) and then centrifuged. The resulting pellets were resuspended in sterile water and analyzed by SDS-PAGE and Western blotting (immunoblotting) with antiserum specific for rotavirus strain C486, prepared in mice as previously described (5) . Figure 1D illustrates the presence of both recombinant VP6 and VP7 in the pelleted material, regardless of whether or not the culture supernatant was treated with CaCl2. The major difference between these preparations, as demonstrated in lanes B and C of the Coomassie blue-stained gel, was that pretreatment with CaC12 appeared to decrease the level of contaminating proteins. Electron microscopic analysis of the preparations (Fig. 1F and G) illustrates the presence of spherical particles, similar to those observed in virus preparations (Fig. 1E) . However, in preparations treated with CaC12, the spherical particles appeared to be more completely surrounded by a smooth line representing the VP7 protein. It is possible that the same effect could be achieved by increasing the levels of CaCI2 in the cell culture medium (14) .
These data demonstrate that double-shelled viruslike particles can be produced by coinfection with baculovirus recombinants containing the genes coding for VP6 and VP7. The interaction between these two proteins is therefore sufficient for spherical-particle formation, and there appears to be no further requirement for VP2 or other nonstructural proteins. The ability to form these different particle types illustrates that there may be many different protein-protein interactions which can lead to the formation of viruslike particles. The availability of such particles should allow for a more detailed analysis of these interactions in order to better understand the morphogenic process and to determine the role of individual proteins in virus stability and the replicative cycle. From an immunologic standpoint, this approach also offers the opportunity to prepare chimeric particles containing serotypically different VP7 proteins in order to study the role of this protein in the protective response.
